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METHOD FOR PREPARATION OF 
HYDROXY ALKYLALKYLCELLULOSE ETHERS WITH HIGH YIELD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method for preparing 
hydroxyalkylalkylcellulose with high yield. More particularly, the present invention 
relates to a method for reparing hydroxyalkylalkylcellulose with high yield, with at 
least 60 % of alkoxy and hydroxyalkoxy substitution, by treating finely ground pulp 
with an alkali metal hydroxide at room temperature, reacting it with an alkylene 
oxide and an alkyl halide, and then adding an alkali metal hydroxide and an alkyl 
halide thereto. The method of the present invention is highly economical and 
environment-friendly due to the great reduction in waste of the reactants. 

Description of the Related Art 

Hydroxyalkylalkylcellulose is known very useful as a joint compound, and a 
material for preparing tile cement and surfactants. 

Hydroxyalkylalkylcellulose is a very useful compound used as an aid or an 
additive of medicines, construction materials paints, etc. In particular, due to its 
good solubility in water and thickening property, hydroxyalkylalkylcellulose is a 
very useful water-soluble cellulose ether available from a natural material, which is 
widely used in preparation and emulsion polymerization of cement, plaster and 
mortar in the field of petroleum industry and the like. 
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The conventional preparation methods of hydroxyalkylalkylcellulose are as 
follows. 

In U.S. Patent No. 4,477,657, finely ground linter pulp was treated with 50 
wt% alkali metal hydroxide, reaction was performed for 45 min after heating to 
85 °C and continuously adding propylene oxide over a 45-min period and reaction 
was performed for 2 hrs at 85 °C after continuously adding methyl chloride over a 
60-min period to attain a methoxyl substitution of 17 %, a hydroxypropoxyl 
substitution of 24.8 %, a methyl chloride efficiency of 37.8 % and a propylene oxide 
efficiency of 26.2 %. And, finely ground cotton linter was treated with 50 wt% 
alkali metal hydroxide, reaction was performed for 30 min at 90 °C after heating to 
85 °C and adding propylene oxide over a 15-min period and reaction was performed 
for 30 min at 80-90 °C after adding 50 wt% alkali metal hydroxide solution and 
adding methyl chloride over a 30-min period to attain a methoxyl substitution of 

28.0 %, a hydroxypropoxyl substitution of 12.3 %, a methyl chloride efficiency of 

42.1 % and a propylene oxide efficiency of 49.0 %. However, this method is 
disadvantageous in that the alkylene efficiency and the degree of hydroxyalkoxy 
substitution are low. 

In U.S. Patent No. 4,661,589, the following method is used to solve the low 
efficiency problem. Finely ground cotton linter was treated with a 50 wt% alkali 
metal hydroxide solution and the reaction mass was maintained at 60 °C for 15 min. 
Then, after lowering the pressure to 200 mmHg, propylene oxide was continuously 
added in vapor phase, very slowly and in small quantity. Then, dimethyl ether 
was slowly added as diluent gas over a 30-min period. After raising the 
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temperature to 80 °C, reaction was performed for 30 min. And, a 50 wt% alkali 
metal hydroxide solution was added and methyl chloride was added in very small 
quantity. Subsequently, reaction was performed at 80 °C for 1 hr to attain a 
methoxyl substitution of 19.3 %, a hydroxypropoxyl substitution of 27.5 %, a methyl 
5 chloride efficiency of 52.4 % and a propylene oxide efficiency of 44.7 %. Although 
this method gives slightly improved methyl chloride efficiency and propylene oxide 
efficiency, the continuous addition of the reactants requires a long production time, 
and thus it is difficult to be applied commercially. 

In Korean Patent No. 511087, alkali metal hydroxide was added in a batch, 

10 rather than continuously, two times in order to reduce the production time. 
During the first addition of the alkali metal hydroxide, alkylene oxide was added in 
a batch, and during the second addition of the alkali metal hydroxide, alkyl halide 
was added in a batch. And, after the first reaction of the alkali metal hydroxide, 
a mixture of diluent gas comprising dialkyl ether was added. With this 

1 5 improvement, the crystalline structure of cellulose was effectively weakened within 
a short period of time and the production time was reduced. But, improvement 
of the alkylene oxide efficiency was only slight and the alkyl halide efficiency was 
hardly improved. 

20 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for preparation of 
hydroxyalkylalkylcellulose with high yield, which is very economical and 
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environment-friendly, with a simplified preparation process, reduced reaction time 
and a greatly reduced amount of waste of reactants. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 The present invention provides a method of preparing 

hydroxyalkylalkylcellulose by reaction of cellulose with an etherification agent, 
which comprises: 

performing a first reaction by adding 0.5-4 moles of an alkali metal 
hydroxide per 1 mole of cellulose, agitating the mixture followed by adding 0.5-3 

10 moles of an alkylene oxide per 1 mole of the cellulose, and adding 20-95 wt% of alkyl 
halide with reference to the total amount of alkyl halide added through the first and 
second reactions; and 

performing a second reaction by adding 1-4 moles of an alkali metal 
hydroxide per 1 mole of the cellulose, dispersing the mixture followed and then 

15 adding 5-80 wt% of an alkyl halide of the total amount of alkyl halide. 

The present invention is characterized in that the alkyl halide is added two 
times with an interval in order to improve not only alkylene oxide efficiency but also 
water retention ability and processing time of the final product. The addition 
proportion of the alkyl halide has been optimized to achieve the purpose. 

20 Cellulose is treated with an alkali metal hydroxide prior to the reaction with 

alkylene oxide. Cellulose has three hydroxyl groups that are susceptible to 
chemical substitutions. Since the cellulose chains are strongly bound to one 
another by the hydrogen bonding of the hydroxyl groups, cellulose is not dissolved 
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or modified by water or other hydrophilic substances. Thus, the hydroxyl groups 
need to be activated for a chemical reaction to be proceeded. As a catalyst, 
alkali metal hydroxide breaks the bonding to activate the hydroxyl 
groups. Therefore, the alkali metal hydroxide determines the degree of 
substitution, and thus, the particular chemicals to be substituted are 
determined. Industrially utilized cellulose derivatives are classified depending on 
their DS [degree of substitution; number of substituents, e.g., methyl chloride, 
bonded to the cellulose anhydrous glucose unit (AGU)] value. If all the three 
hydroxyl groups are substituted, the DS value is 3, which is the maximum value. 
When some chemicals that have reactive hydroxyl groups, e.g., propylene oxide, 
react with cellulose, two or three chains, not one, may be formed as the hydroxyl 
groups are activated. The degree of such reaction is expressed in mole number of 
substituents per 1 mole of AGU and is denoted as MS (molar 
substitution). Consequently, the water-insoluble cellulose becomes water-soluble 
and industrially available. The degree of hydrophilicity and hydrophobicity 
varies depending on the proportion of the substituents and the degree and type of 
the bonding, thereby determining the properties when admixed with cement, plaster, 
sand, etc. The present invention aims at controlling the physical properties while 
reducing production cost and improving production yield. 

Hereunder is given a more detailed description of the present invention. 

In the present invention, an alkali metal hydroxide and an alkyl halide are 
added two times with a certain interval for preparation of 
hydroxy alky lalkylcellulose with high yield. 
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The degree of substitution varies depending upon the amount of the alkali 
metal hydroxide, which is very important to obtain products having ideal 
properties. The alkali metal hydroxide is added to weaken the rigid crystal 
structure of cellulose for easier reaction of the finely ground cellulose with the 
etherification agent. An alkali metal hydroxide in the form of solid or an 

aqueous solution may be used. In general, sodium hydroxide (caustic soda), 
potassium hydroxide, lithium hydroxide, etc., are used. The alkali metal 
hydroxide facilitates bonding or reaction with various chemicals by binding to 
cellulose and expanding the crystal structure. The alkali metal hydroxide is added 
in an amount of about 0.5-4 moles, preferably about 0.5-2 moles, per 1 mole of 
cellulose at 15-60 °C. It is important that the alkali metal hydroxide is sprayed 
so that it can be uniformly dispersed in the cellulose. If the amount added of the 
alkali metal hydroxide is less than 0.5 mole per 1 mole of cellulose, the crystal 
structure of the cellulose is not weakened sufficiently, so that a wanted degree of 
substitution and efficiency cannot be attained. In contrast, if it exceeds 4 moles per 1 
mole of cellulose, side reaction, e.g., production of polypropylene glycol, dominates 
over the reaction of the alkylene oxide with cellulose, there by reducing the degree 
of substitution and efficiency. 

If agitation is performed for a while after the addition of the alkali metal 
hydroxide, the cellulose becomes easily reactable with the alkylene oxide. Then, 
a diluent gas is fed and agitation is performed from about 10 min to about 1 hr, so 
that the cellulose reacts uniformly. The diluent gas is not particularly limited, but 
a diluent gas comprising 65-95 wt% of a dialkyl ether and 5-35 wt% of at least one 
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gas selected from the group consisting of methyl chloride, ethyl chloride and propyl 
chloride is preferable. 

The alkylene oxide is added in the amount of 0.3-3 moles, more preferably 1- 
2.5 moles, per 1 mole of the cellulose in a batch, depending on the wanted degree of 
5 substitution. 20-95 wt%, preferably 50-90 wt%, of alkyl halide with reference to 
the total amount of alkyl halide added through the first and second reactions is 
added and reaction is performed at 60-110 °C, preferably at 60-90 °C, so that the 
alkylene oxide and the alkyl halide are bonded to the cellulose. For the alkylene 
oxide, one having 2-5 carbon atoms in the alkylene group, preferably propylene 

10 oxide, is used. As for the alkyl halide, one having 1-24 carbon atoms in the alkyl 
group, preferably methyl chloride, is used. If the amount of the alkyl halide 
added is below 20 wt% of the total amount of alkyl halide, the degree of substitution 
of the alkyl halide becomes low. In contrast if it exceeds 95 wt%, improvement 
of the alkylene oxide efficiency is not so high and the property of the product may 

15 be changed. The reaction is performed for from 30 min to 2 hrs, preferably from 
45 min to 1.5 hrs. 

When the reaction with the alkylene oxide and alkyl halide is completed, 
unreacted hydroxyl groups of the cellulose crystal is treated with an alkali metal 
hydroxide. It is important that the alkali metal hydroxide is sprayed uniformly at 
20 an amount of 1-4 moles per 1 mole of the cellulose. If the amount added of the 
alkali metal hydroxide is below 1 mole per 1 mole of the cellulose, the degree of 
alkoxy substitution and efficiency are low. In contrast, if it exceeds 4 moles, it is 
uneconomical and excessive moisture may facilitate generation of salts, reducing 
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efficiency of alkylene oxide and alkyl halide. The first amount of the alkali metal 
hydroxide added is very important in determining the alkylene oxide efficiency. 
Preferably, the first amount added is 20-70 wt% of the total amount added. After 
treatment with the alkali, the hydroxyl groups in the cellulose are completely 
5 exposed to an environment outside of the crystal structure and may easily react with 
the alkyl halide, etc. Then, the alkyl halide (generally, methyl chloride, etc.) is 
added in the amount of 10-40 wt%, preferably 5-80 wt%, of the total amount added 
and reaction is performed at 70-120 °C, preferably at 80-100 °C, for about 1 hr to 
obtain hydroxyalkylalkylcellulose having a wanted degree of substitution with high 
10 yield. 

The resultant hydroxyalkylalkylcellulose has not only a uniform degree of 
substitution but a superior purity, with insoluble ingredients less than 0.02 wt%. 
And, it has a degree of alkoxy substitution of 15-35 %, a degree of hydroxyalkoxy 
substitution of 2-30 %, preferably 3-25 %, an alkyl halide efficiency of 60-70 % and an 
1 5 alkylene oxide efficiency of 60-75 % . 

The hydroxyalkylalkylcellulose prepared in accordance with the present 
invention has superior properties to be used as joint compounds, tile cements and 
surfactants. 

20 EXAMPLES 

Hereinafter, the present invention is described in further detail through 
examples. However, the following examples are only for the understanding of 
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the present invention and they should not be construed as limiting the scope of the 
present invention. 

Preparation Example 1: Preparation of hydroxypropylmethylcellulose 

Into a horizontal/ vertical agitation type high-pressure reactor was added 6 
kg of finely ground natural pulp. At room temperature, 5.1 kg of a 50 wt% 
caustic soda solution was uniformly sprayed to through a spray nozzle, while 
agitating the reaction mass. 5.3 kg of a mixture gas of 95 wt% dimethyl ether and 
5 wt% methyl chloride was added as diluent gas. Subsequently, 0.68 kg of 
propylene oxide and 4.1 kg of methyl chloride were added simultaneously and the 
reaction mixture was well agitated. After raising the temperature of the reactor to 
90 °C, reaction was performed at that temperature for 1 hr. The pressure inside 
the reactor was 10 kg/ cm 2 or less. 

After the reaction was completed, the reactor was cooled to 50 °C over a 10- 
min period and 4.9 kg of a 50 wt% caustic soda solution was uniformly sprayed and 
2.0 kg of methyl chloride was added. Then, the temperature was raised to 90 °C 
and reaction was performed for 30 min. After the reaction was completed, the 
pressure was lowered and the reaction mass was filtered with boiling water, dried 
and ground to obtain the hydroxypropylmethylcellulose of Example 1. 

Examples 2 to 8 were performed in the same manner as in Example 1, except 
that the amount of caustic soda and methyl chloride added was changed as given in 
Table 1 below. Comparative Examples 1 to 3 were performed in the same 
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manner as in Example 1, except that caustic soda and methyl chloride were not 
added separately. 



Table 1 





Amount of caustic soda added (kg) 


Amount of methyl chloride added (kg) 


First addition 


Second addition 


First addition 


Second addition 


Example 1 


5.1 


4.9 


4.1 


2.0 


Example 2 


5.1 


4.9 


4.5 


1.6 


Example 3 


5.1 


4.9 


5.0 


1.1 


Example 4 


5.1 


4.9 


5.5 


0.6 


Example 5 


6.0 


4.0 


4.1 


2.0 


Example 6 


6.0 


4.0 


4.5 


1.6 


Example 7 


6.0 


4.0 


5.0 


1.1 


Example 8 


6.0 


4.0 


5.5 


0.6 


Comparative 
Example 1 


10.0 


0.0 


8.5 


0.0 


Comparative 
Example 2 


11.0 


0.0 


9.5 


0.0 


Comparative 
Example 3 


4.5 


5.0 


0.0 


7.0 



5 Testing Example 1: Measurement of degree of substitution, efficiency and content 
of water-insoluble substances 

The degree of methoxyl substitution and the degree of hydroxypropoxyl 
substitution were measured by gas chromatography and the efficiency of methyl 

chloride and propylene oxide was determined by calculating the proportion of 
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substitution. The content of water-insoluble substances was determined using a 
turbidity meter and the viscosity was measured with a 2 % (w/v) aqueous solution 
using a Brookfield viscometer at 20 °C and 20 rpm. The result is given in Table 
2 below. 



Table 2 





Degree of 
methoxyl 
substitution (/o) 


uegree ot 
hydroxypropoxyl 
suDstitution ^/oj 


ivietriyi 
chloride 

erriciency \/o) 


Propylene oxide 
efficiency (%) 


vv ater-msoiu.Die 
substances 

^Wl /o j 


Example 1 


28.5 


6.5 


61.2 


62.5 


0.015 


Example 2 


28.9 


6.7 


61.6 


62.7 


0.011 


Example 3 


29.0 


6.6 


61.6 


62.5 


0.017 


Example 4 


29.0 


7.5 


61.6 


67.5 


0.018 


Example 5 


28.6 


6.9 


61.2 


65.4 


0.012 


Example 6 


28.7 


6.8 


61.4 


65.3 


0.017 


Example 7 


28.8 


7.0 


61.5 


66.5 


0.013 


Example 8 


29.1 


7.5 


61.8 


67.7 


0.016 


Comp. 
Example 1 


26.1 


3.5 


41.3 


22.1 


1.02 


Comp. 
Example 2 


27.9 


6.3 


31.3 


19.5 


0.91 


Comp. 
Example 3 


20.8 


4.2 


45.2 


16.7 


1.95 



As seen in Table 2, Examples 1 to 8 show a uniform degree of substitution, a 
content of water-insoluble substances of 0.02 wt% or less, a degree of methoxyl 
substitution of 15-35 %, a degree of hydroxypropoxyl substitution of 2-30 %, a 
methyl chloride efficiency of 60-70 % and a propylene oxide efficiency of 60-75 %. 
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Thus, highly substituted hydroxypropylmethylcellulose can be obtained with high 
yield in accordance with the present invention. 

As apparent from the above, the present invention solves the problems 
raised in the prior art of long production time and complicated production by 
adding an alkali metal hydroxide and an alkyl halide separately with controlled 
proportion. As a result, the production process became simplified and an ideal 
degree of substitution was attained. The present invention is highly economical 
and environment-friendly because waste of the reactants can be greatly reduced. 

While the present invention has been described in detail with reference to the 
preferred embodiments, those skilled in the art will appreciate that various 
modifications and substitutions can be made thereto without departing from the 
spirit and scope of the present invention as set forth in the appended claims. 
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